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以近交系 BALB/C 小鼠为供体，近交系 C57BL/6 小鼠为受体，进行背部皮肤
移植。 
2. CD4+记忆性 T 细胞的分离、纯化及表型鉴定 
皮肤移植 8 周后，取受体鼠脾脏，制备脾淋巴细胞悬液。用小鼠 CD4+记忆
性 T 细胞磁珠分选试剂盒分离出 CD4+记忆性 T 细胞并进行活性鉴定。加入相应
抗体后，用流式细胞仪鉴定其表型。以同样的方法，用小鼠未致敏 CD4+T 细胞
免疫磁珠分选试剂盒重复上述步骤，获得未致敏 CD4+T 细胞。 
3. 过继性记忆性心脏移植模型 
将预致敏 C57BL/6 小鼠脾脏 Tm 细胞过继转移给正常 C57BL/6 小鼠， 然后


















移植心脏的病理学检测：取移植物心底部分，制做冰冻切片 并行 H&E 染色， 
光镜下观察。器官排斥程度参照 ISHLT 标准进行判定，并进行组间的比较 
 
结果 
1. 流式细胞仪鉴定磁珠分选法分离出的 CD4+记忆性 T 细胞浓度大于 92%，可
用于细胞输注 








本实验证实预先输注 CD4+记忆性 T 细胞的小鼠，其供心存活时间明显短于
对照组，且供心急性排斥反应级别与对照组相比较高，说明 CD4+记忆性 T 细胞
在免疫抑制剂作用下仍能导致急性排斥反应，导致移植物坏死。分析其原因可能
为所选用的免疫抑制剂无法抑制 CD4+记忆性 T 细胞的激活。而 CD4+记忆性 T
细胞的活化途径究竟如何绕开所选免疫抑制剂的作用，及何种免疫抑制药物能够


















Background and objectives 
Ogran transplantation has been the only effective approach of treating some 
end-stage diseases，but still faced many challenges. Although the immunosuppressant 
technich has a large development during the last decade，the graft rejection is still the 
main reason of the failure of organ transplantation. Recent research shows that failure 
of immunosuppressant may due to the immunological memory. At present,the 
antibody in transfer recipients, which was produced by numerous blood transfusion, 
frequent pregnancy,infection, long-term hemodialysis and retransplantation, was 
widely considered to induce the acute rejection through memorial humoral immunity. 
However, most clinical immunosuppressant was designed to suppress the activation 
and homing of naïve T cell，while the memory T cell obviously share a different way 
of activation and homing. It was verified that numerous memory T cell could be found 
in patient who had taken a large dose of immunosuppressant, which means the 
generation of memory T cell will not be prevented by immunosuppressant. This study 
establish the animal models of heart transplantation in mice to investigate whether the 
induction of acute rejection due to CD4+ memory T cell can be suppressed within the 
participation of immunosuppressant,and finally improve the survival probability of 
organ transplant recipient. 
 
M ethod 
1. Allograft skin transplantation animal models were established with BALB/C mice 
as donors, while C57BL/6 mice as recepters. 
2. CD4+ memory T cells were separated from C57BL/6 mice’s spleens by way of 
MACS and identified by flow cytometry. 
3. Cervical heterotopic heart transplantation animal models were established with 















devided into two groups: the models which had injection of CD4+ memory T cells 
before transplantation as experimental group; while the models which had injection of 
naïve CD4+T cells before transplantation as control group. 
4. Observing heart grafts survival time after transplantation.Gratfs were harvested 




1. The concentration of CD4+ memory T cells separated by MACS is over 92%, 
which means they can be used to inject. 
2. The success rate of Allograft skin transplantation is 95%, while cervical 
heterotopic heart transplantation 82.5%. The median survival time of experimental 
group was 7d, and in the control group,it was over 30d. 
3. Cadiocytes necrosis and progressive interstitial lymphocytic infiltration 
surrounded vessels can be seen in experimental group, and less interstitial 
lymphocytic infiltration in control group. 
 
Conclusion 
This study reported that the acute rejection could be induced by CD4+ memory T 
cell within the participation of immunosuppressant (Csa). It might be due to that Csa 
could not suppress the activation of CD4+ memory T cell.In future research, we should 
find out the detailed activation way of CD4+ memory T cell and finally manufacture 
the immunosuppressant that can suppress the activation of CD4+ memory T cells. 
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应性记忆 T 细胞在反应速度、强度及敏感性各方面均强于幼稚初始 T 细胞，由
其介导的排斥反应由于其快速的特性，通常称之为急性加速性移植排斥反应
[5][6]。 
1.2 记忆性 CD4+T 细胞的产生 
记忆性 T 细胞分为 CD4+和 CD8+两个亚类，两者均可单独介导记忆排斥反
应。记忆性 CD4+T 细胞能促进记忆性 CD8+T 细胞和记忆性 B 细胞的形成和活化
增殖，其产生机制如下：未致敏的 CD4+T 细胞识别外来抗原致敏、活化，成为
效应细胞（effector T cell）产生免疫效应。正常生理情况下，感染控制或抗原刺
激减弱后，大部分效应细胞凋亡，少部分转化为记忆性 CD4+T 细胞（memory T 
cell）。这些记忆 T 细胞可以在体内存活很长时间，主要分布于非淋巴器官，保持
着低速分裂，维持着记忆 T 细胞达到一定水平。记忆 T 细胞的谱系关系目前尚
无定论，存在多种假说，传统的观点认为在初次应答结束后，绝大多数效应细胞
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忆 T 细胞的平行分化理论，该观点认为由于某种原因，在抗原及其他刺激的作
用下，一部分原始 T 细胞分化成为效应 T 细胞，而另一部分分化为记忆 T 细胞
[7][8]。根据归巢特点和效应功能将记忆 CD4+T 细胞和 CD8+T 细胞至少分为两
个亚群：中央型记忆（central memory,TCM）T 细胞和效应型记忆（effector 
memory,TEM）T 细胞[9]。记忆性 T 细胞的发育过程至今未被充分了解，人们尚
不能确定记忆性 T 细胞是效应性 T 细胞的直系后裔还是沿着另外一条单独的谱
系发育的
[10]。谱系关系难以确定，很大原因之一是目前尚未有合适的表面分子
用以区别记忆与效应 T 细胞。 
近年来国外试验已证实这种可能：即使清洁级实验动物，仍因为成长过程中
接触到食物或环境中的抗原而致敏产生记忆性 T 细胞，部分记忆性 T 细胞能够
对同种异体抗原产生效应
[11][12]。同理，人类成长过程中由于细菌，病毒感染及
输血，分娩等因素使 T 细胞致敏，并形成记忆性 T 细胞，这部分记忆性 T 细胞
虽然没有受到供体抗原致敏，但仍能够对供体抗原快速产生效应
[13]。目前国内
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图 1 T 细胞的分化①
                                                        
① Susan M. Kaech, E. John Wherry & Rafi Ahmed. Effector and memory T-cell differentiation: implications for 
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[17]。Shiao SL[18]等在动物模型试验中指出：记忆性 T 细胞在外周血中所占比例
与同种异体移植排斥反应发生的几率正相关。同时应当注意的是，目前临床主流
免疫抑制剂几乎都是针对抑制初始 T 细胞的激活和归巢功能，而记忆性 T 细胞
的激活和归巢途径与初始 T 细胞明显不同。研究证实[19]，在大剂量应用免疫抑
制剂的患者体内，仍有大量记忆性 T 细胞的存在，这就表明免疫抑制剂并不能
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